guidelines (the World Health Organization, USA, Australian, Canadian, German Chinese and 11
Indian recommendations) on global greenhouse gas emissions. Our results show a wide 12 disparity in the emissions intensity of recommended healthy diets, ranging from 687 kg of 13 carbon dioxide equivalents (CO2e) capita The majority of current national guidelines are highly inconsistent with a 1.5°C target, and 18 incompatible with a 2°C budget unless other sectors reach almost total decarbonisation by 19
Introduction 30
The global food system is currently failing to meet basic nutritional needs (Haddad et al. 31 2016), and is placing increasing pressure on planetary boundaries and resources ( 
44
Despite continued improvements in agricultural output (Foley et al. 2011 ), poor nutritional 45 health remains a widespread, and in some cases, a growing issue (FAO et al. 2015) . More 46 than 800 million people are defined as undernourished, an estimated two billion suffer from 47 micronutrient deficiencies, and 40 percent of adults globally are classified as overweight or 48 obese (with increasing links to the incidence of non-communicable diseases-NCDs-such 49 as cancer, stroke and heart disease) (FAO 2017b ). This 'triple burden' of malnutrition is 50 reflective of the large dietary inequalities which exist both between and within countries. Convergence guidelines which recommend a reduction rather than elimination approach to 78 meat may therefore be more effective in increasing dietary transition rates. Convergence 79 towards a moderate mixed diet-rather than wholly plant-based diets-may also be 80 important in balancing environmental concerns with health outcomes in low-income nations 81
(where dietary diversity is often poor, and high-quality alternative protein products are often 82 unavailable or expensive). Relative to sustainability-focussed dietary advice, dietary health 83 . Since the income-dependent diet is based on projected 177 food demand rather than healthy, recommended intakes, average caloric supply across 178 economic groups is notably higher (ranging from 2250 kcal in the lowest economic group to 179 3590 kcal person -1 day -1 in the highest). Whilst this represents a large difference in caloric 180 intake between the income-dependent and recommended diet scenarios, this gap provides 181 an important indication of the level of dietary change required by 2050 to reduce average 182 levels of consumption to match healthy dietary guidelines. The impact this has on resultant 183 GHG-intensity of diets also provides an important comparison-the impact of caloric 184 overconsumption relative to recommended consumption. We have therefore not adjusted the 185 income-dependent diet to attempt to reach parity in caloric intake. 186
187
Average diets were quantified in terms of (gday given, we have assumed the median intake of this range. Guidelines for dairy, fish, fruit and 216 vegetables tend to work on a minimum basis (e.g. "consume at least 1 portion of dairy per 217 day"); for these groups we have assumed consumption meets (but does not exceed) this 218 recommendation. Guidelines for meat, oils and sugars tend to work on a maximum 219 'recommended' limit (i.e. limit sugar consumption to 25 grams per day). For these food 220 groups we have assumed that-since current intake in many high-income countries tends to 221 greatly exceed these maximum guidelines-people would consume up to (but not exceed) 222 this upper threshold. 223
224
Per capita dietary emissions were calculated using average emission factors (EFs) derived 225 based the LCA meta-analyses explained above. The EFs applied in this study are detailed in 226 
Supplementary

Study limitations 287
This study aims to assess the food-based GHG-intensity and sectoral emissions which 288 would result from the adherence of average diets to a range of global and national dietary 289
guidelines. This has the obvious limitation in its assumption that such dietary advice would 290 between countries, not only with respect to advised dietary patterns, but also in terms of 317 clarity, comprehensibility and quantification. Since national guidelines are typically adapted 318 to the nutritional status, eating habits and food availability of a given country, some variation 319 in the average recommended diet is to be expected. However, many national guidelines 320 appear to lack the level of quantitative detail or guidance necessary for stakeholders (e.g. 321 health workers and members of the public) to clearly know and understand the need for the 322 levels of intake they should be targeting. In Supplementary Table 2 we provide the 323 breakdown of recommendations in grams per person per day across the nine commodity 324 groups for a range of countries where national guidelines are insufficient. These data 325 highlight for which commodities guidance is clear, and others where it is not quantifiable. For 326 example, the UK guidelines clearly recommend consumption of "at least five portions of fruit 327 and vegetables per day" (which provides a quantifiable amount), but states only to "eat less 328 red and processed meat" (which provides no quantifiable guidance on safe or healthy 329 intake). 330
331
To assess country-to-country variations in terms of GHG-intensity of the average 332 recommended diet, we quantified the footprint of six national guidelines which cover a range 333 of dietary patterns-USA, Canada, Australia, Germany, China and India. This covers the 334 spectrum from typically higher GHG-intensity nations (USA, Canada, and Australia), to one 335 of the lowest expected dietary GHG footprints-India. Germany has been included as one of 336 
income-dependent, WHO healthy diet and national dietary guidelines are seen in Figure 1 . 375
These figures are also summarised in Table 1, Our results (Figure 1) In Figure 1 , animal-based commodities are highlighted by a black outline around the upper 409 part of each bar. Note that while there is some degree of variation in the GHG-intensity of 410 the plant-based component of the modelled diets, this deviation is typically small (ranging 411 from 421kgCO2e to 560 kgCO2e capita providing an optional substitution of pulses. This is an important distinction compared to 423 Indian recommendations, which are predominantly vegetarian; here, a side-note is provided 424 for non-vegetarians to replace one portion of pulses daily with either meat, fish or egg. As a 425 result, even its non-vegetarian recommended diet has a comparably low carbon footprint. 426 India's recommended diet has an almost identical GHG-intensity to vegetarian diets 427 analysed in previous studies (at 650-700 kgCO2e capita . Australian guidelines produce a similar result. Food sustainability 435 issues, especially within such higher-income nations, are often discussed in relation to 436 dietary overconsumption (Blair & Sobal 2006) . However, while excess consumption 437 undoubtedly adds to resource pressures, our results suggest that the GHG-intensity of the 438 average USA diet would still be very high even were it to converge with national nutritional 439 guidelines (which are not excessive in caloric terms, suggesting dietary composition is more 440 important than total energy intake). This means our evaluations of future income-dependent 441 dietary pathways need to assess both dietary composition and excessive intake as sources 442 of GHG emissions (and potential mitigation areas). As shown in Figure 1 , the largest GHG 443 contributor to this footprint is its recommendation of three dairy portions per day. This is 444 three times that recommended in the WHO healthy diet, while the USA's guidelines on other 445
animal-based components -red meat, poultry and fish -are closely in line with WHO 446
recommendations. 447 448
The recommended intake of dairy products is a key differentiator across all modelled diets. however the lack of commonality on recommended dairy intakes (and the impact this has on 459 GHG emissions) suggests that a redefinition of advice which meets climate change 460 mitigation objectives as well as those for health could be important. converge on a healthy and sustainable diet, total average meat consumption must be 553 decreased in such nations. To maximise GHG mitigation and health impacts, the pathways 554 of high meat-consuming nations may therefore follow a two-stage reduction process, firstly 555 with a substitution of poultry for red meat (which will temporarily increase poultry 556 consumption), before a subsequent reduction in poultry also. 557
Unlike meat recommendations, the convergence pathways for dairy consumption vary 558 ). Therefore, no change in average intakes would be necessary to meet USA 562 guidelines. This is strongly divergent from WHO recommendations; meeting these guidelines 563 would require a consistent reduction rate of 8. clearer and more explicit guidance on dietary choices, quantities and substitutions need to 615 be adopted at national levels. 616 617 Secondly, there is a clear lack of harmonisation in guidelines for both health and 618 environmental sustainability outcomes. As previously reported, only a few contain any 619 explicit mention of environmental considerations (Fischer & Garnett 2016) . Upon 620 quantification, we have shown that the national guidelines of several countries-the USA 621
and Australia, in particular-are poorly aligned with GHG mitigation requirements. Global 622 convergence on the USA's recommended diet, for instance, while potentially meeting health 623 criteria, would result in a large increase in global GHG emissions. In fact, the adoption of this 624 recommended diet would provide minimal GHG savings relative to the high emissions 625 scenario of our BAU pathway.
With the exception of Indian and WHO healthy diet recommendations, all per capita 627 emissions resultant from dietary guidelines exceed the average per capita budget (for all 628 sectors, including energy and transport) necessary to meet a 1.5°C target. All guidelines fall 629 within the total per capita GHG budget for a 2°C target, but would leave little room for 630 emissions from other GHG-emitting sectors. As such, we conclude that the majority of 631 current national guidelines are highly inconsistent with a 1.5°C target, and incompatible with 632 a 2°C budget unless other sectors reach almost total decarbonisation by 2050. Global 633 convergence (which is necessary to meet SDG2 of ending malnutrition-inclusive of 634 undernourishment, micronutrient deficiency, and overconsumption) on current national 635 guidelines would therefore fail to meet requirements within the Paris Agreement, and SDG13 636 of meeting these climate mitigation targets. If these are to be achievable, guidelines will have 637 to be reframed to incorporate environmental and climate considerations. 
648
There may also be evidence that an adaptation of current WHO recommendations would 649 achieve health benefits. The World Health Organization currently set guidelines for red meat 650 consumption on a maximum threshold basis as a result of strong links to non-communicable 651 disease prevalence and mortality. However, recent long-term cohort studies show links 652 between both unprocessed and processed red meat consumption (increasing with intake, 653 but with no lower threshold) and cause-specific mortality from nitrate/nitrite and heme iron 654 slow to achieve the rate of change needed to meet our climate mitigation targets. Such 690 significant change will have to be achieved through the adoption of a range of economic and 691 behavioural strategies. 692
693
There have been a number of options proposed to accelerate reductions in meat (particularly 694 red and processed meat) consumption. There continues to be a strong case for consumer 695 education, not only with respect to the environmental impacts of meat, but combining these 696 with education on health and nutrition. Consumer surveys have shown that a substantial 697 obstacle for meat reduction with a high number of consumers is the image of meat as a 698 healthy food product; many admit they are reluctant to substitute meat out of their diet 699 through concerns of protein and nutritional imbalance (Bakker & Dagevos 2012 ). Consumer 700 messaging strategies are likely to be more influential when they extend beyond the GHG 701 benefits of reduced meat consumption, and instead focus on important co-benefits such as 702 health and wellbeing (Wellesley et al. 2015) . show that substantial GHG reductions could be achieved through taxation and commodity 706 pricing based on carbon intensity of food products (Springmann, Mason-D'Croz, et al. 2016) . 707
If effectively designed, they show that both GHG reduction and health benefits can be 708 achieved across high-income and most middle and low-income countries-however, this 709 could require significant political backing. Meat substitute (such as mycoprotein, in-vitro 710 meat, and soya-based) products could also play a role in shifting towards lower-carbon diets 711 (Joshi & Kumar 2016; Smetana et al. 2015) . To prove competitive to meat products, these 712 substitutes will likely have to achieve notable price reductions, either through subsidy 713 mechanisms, taxation or technologically-driven efficiency and cost cuts (Ritchie et al. 2017) . 714
715
We conclude that nutritional and climate goals are currently incompatible. Aligning nutritional 716 goals and internationally agreed climate change targets will therefore require major 717 reframing of social norms towards dietary preferences and consumption patterns, but also 718 further evaluation of global and national-level guidance on recommended dietary intakes. 719 720 721
